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MM-wave interferometery is routinly and 
widely used for measuring electron densities on 
fusion devices, and used for the control of the gas 
feedback control system. However, the application 
to the present and future large fusion devices has 
some difficulties as follows: (i) application to high 
density plasmas more than 1020m-3, (ii) large 
refraction effect in large plasma, (iii) change in the 
length of the transmission line is not negrigibly 
small in long pulse plasma measurements. To 
overcome these difficulities we have developed two 
colour interferometry at 140 and 285 GHz for 
LHD. The cutoff density of the probing frequency 
is 1021 m-3 at 285 GHz, which is three times higher 
than the highest density ever obtained in helical 
confinement systems. In order to ensure good 
discrimination between phase changes due to the 
mechanical effects and those due to the plasma we 
have used wider range of two colours at 140 and 
285 GHz. For combining two different frequency 
sources and reducing the internal losses of the 
standard waveguide components in high frequency 
region we have applied low-loss Quasi-Optical 
LHD Cryostat Vessel 
Fig.1 Schematic drawing of the installation of the 
millimeter-wave interferometer system on LHD. 
(QO) circuits, where Gaussian beam-mode analysis 
was used to design the optics. Figure 1 shows a 
schematic drawing of the mm-wave interferometer 
system installed on LHD. The QO interferometer 
system is located in the diagnostic room behined a 
biological shield of 2 m concrete wall in order to be 
able to access the interferometer system during 
plasma experiments. Then the total length of the 
transmission line becomes 94 m including 18 miter 
bends, and the free space propagation between 2 
antennas is 657 cm. Therefore, a low loss HE 11 
corrugated waveguide was used. Z cut crystal 
quartz windows are used for the vacuum seal, the 
thickness of which is 5000 ~m for optimum 
transmission at both frequencies. The calculated 
transmission coefficients are about 78 % and 93 % 
at the frequencies of 140 GHz and 285 GHz, 
respectively. The windows are tilted by 5 degrees 
to avoid reflected wave to return to the 
transmission line. The total transmission loss 
including waveguides and the free space 
propagation has been measured to be about 21 dB. 
Figure 2 shows typical time behaviors of 
electron density measured by the 140 GHz and 285 
GHz interferometer on LHD. The plasma was 
produced by the injection of ECH with the power 
level of 100kW. The line density measured by the 
two frequencies coinside within the error of 2 %. 
Time resolution of the present measurement is 90 
kHz, which comes from the low pass filter. 
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Fig.2 Time behavior of the electron density 
measured by the140GHz (a) and the 285GHz (b) 
interferometer. 
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